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1. Introduction 
 
 As is well known, decoherence dynamics and the various methods for controlling this process is one 
of the important topics in quantum optics and the theory of quantum open systems can help for better 
understanding of how quantum decoherence is processed. In nature most quantum systems are 
immersed in reservoir that this systems introduce open system [1, 2] the time evolution of an open 
quantum system interacting with a memory-less environment can be expressed as a Lindblad  master 
equation as follows[3, 4] 
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Where   is, the density of the system,   is the Hamiltonian of the system and  is the so-called 
Lindblad operators that are supposed to model the effect of the environment on the system. Equation 
(1) describes the general case of a quantum open system. Using some quantum –mechanical models 
for the reservoir, one can find a differential equation for the time evolution of reduced density 
operator of the system. 
 Let us consider a two-level system interact with a resonant mode of the electromagnetic field, Jaynes- 
Coumming model [5, 6], this model is described without the rotating wave approximation by the 
Hamiltonian ( 1)=
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  is for T = 0 
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There is a newly developed method, introduced by Fan and Fan, [7] from which we can map the 
density operator by a vector of two-mode Fock space whose first mode is the system mode and the 
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second mode is a fictitious one, and consequently the master equation appears as a Schrodinger- like 
time evolution equation. 
 In this present paper, instead of using phase space representation of density operator [8,9] we adopted 
thermo- entangled state (TES) representation to treat  time evolution of density operator in the 
 J-C model with cavity damping where Xu and Yuan derived density operator for a Raman- coupled 
model in cavity damping [10]. This paper is organized as follows  
In sect.2, we review the (TES) representation and in sect.3, the equation of motion of the density 
operator is decoupled. In sec.4, we solve the master equation of J-C model by using of "dissipative 
interaction picture" in entangled representation. In Sec. 5 Wigner function is derived for a special 
initial condition. Section 6 is devoted to calculation. In the Appendix, we derive a used relation in the 
text. 
 
2. Brief Review of the Thermo Entangled State Representation 
 
In this section, we first briefly review the TES and construct the TES representation in the doubled 
Fock space in the following form [11-14]
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Where      and    	 	 are the pairs of canonical annihilation and creation operators which the first 
(physical) and the second (fictitious) mode respectively. Defining   	   and   	   , one 
can recognize that Eq. (5) is eigen-vector of. 
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 And it is obtain that 
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By means of technique (IWOP), one can prove that makes up a complete and orthonormal set 
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And, it is convenient to introduce the state   [15] for density operator 
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                                                                         (10)  
  This means that we can uniquely represent any density operator   of physical mode by vector 
  from the two-mode Hilbert space. This vector contains all information on the quantum state as 
the density operator.  
3. Time Evolution of Density Operator in the J-C Model 
 
In other to describe Eq. (3) in the interaction picture, which may be called rotational interaction 
picture, we use of the unitary operator 
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Inserting Eq. (12) into Eq. (3) we derive the master equation in the rotational interaction picture as 
follows 
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                            (13) 
We write the density operator 
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Using the Pauli spin matrices                       and the unit matrix     , Note 
that 
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According to the above equations, Eq. (13) can be split into the following four equations 
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One can find that the first two and the last equation are coupled, respectively. The first two equations 
can be decoupled as 
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Where, we introduced 
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The other two equations can be decoupled. By taking 
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It is seen that solving the equation of motion in Eq. (13) is equivalent to solving Eq. (18) and Eq. (21). 
 
4. Unraveling Master Equations through Entangled State Representation 
 
In this section, we unravel the master equations Eq. (18) and Eq. (19) through (TES) representation. 
Therefore acting both hand some Eq. (18) in   and using Eq. (8), we can find a Schrodinger-
like time evolution equation 
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By using of commutation relations        	 
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 It is difficult to solve Eq. (22) therefore we define ''dissipative interaction picture'' in entangled 
representation [15, 16] for    as follows 
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Now we have 
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Therefore we can integrate Eq. (26) and find 
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 To find more simplified form of (29) we write 
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Where the time dependent parameter   is defined as 
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Then substituting Eq. (30) into Eq. (29) yields 
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Using Eq. (8) and Eq. (10) one can decompose Eq. (32) as follows  
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Where
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 

   is defined displaced operator of first mode, then to find density operator 
   in Schrodinger picture we should return rotational interaction picture  
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To solve above equation one can immediately understand that this equation is similar in form to the 
master equation of lossy channel (or cavity at zero temperature) [17, 18], therefore we have 
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Consequently density operator in Schrodinger picture reads as follows 
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Similarly, the explicit form of evolution of density operator  in Eq. (21) can be derived. Acting on 
both sides of Eq. (21) with   we have 
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It is a simple task to check following commutation relations 
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To solve Eq. (37) we defined ''dissipative interaction picture'' for    as follows 
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Making use of commutation relations Eq. (39) one can find 
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 Now by using of appendix we can decompose Eq. (41) and find 
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  To find the density operator     we decompose any of the operators 
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And  
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 By means of
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Where we have employed the following relations 
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 Now using the result of the master equation lossy channel [18, 19], we can find the density 
operator      in the Schrodinger picture           
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5. Wigner Function for Density Operator   
 
In this section we find the Wigner functions of density operators Eq. (36) for the given initial state. 
Suppose the atom is initially in the up state   and the cavity mode is in a coherent state  , 
therefore the initial condition for density operator is 
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 (                                                               (54) 
 Then substituting Eq. (54) into Eq. (19) and Eq. (20) yields 
                                                                  (55) 
Noticing 
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The equation Eq. (36) becomes  
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We note that Eq. (57) shows that, if the initial condition for density operator   is the coherent 
state  , then at later times it continues to remain the coherent state with a time dependent complex 
parameter 
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Now, by inserting Eq. (31) into Eq. (58), we arrive at 
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The Wigner function for density operator is defined as 
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Where the Wigner operator 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 has the form 
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Inserting Eq. (57) and Eq. (60) into Eq. (59) yields 
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Obviously, for 
  one can find 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 , being independent of the initial state, this 
means that the system loses its memory. In the same method one can find     for   

  . 
 
6. Conclusions  
   
 In summery, for the first time we introduced a new type of the interaction picture related to 
dissipative processes, dissipative interaction picture in entangled state representation, and employed 
this picture to treat the time evolution of density operators in the J-C model with cavity damping. This 
technical method provides us with a fresh view of solving master equation in another problem as well. 
Moreover we have derived the Wigner function      of density operator for special initial 
condition and we have shown that the system loses its memory when 
  . 
 
Appendix 
 
Here, we reproduce the proof of Eq. (44) given in [1]. Suppose that  
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It is difficult to solve Eq. (63) because of commutation relation                      % 	 
 , 
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Therefore we have 
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By substituting Eq. (65) into Eq. (66) yields 
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Obviously, because of commutation relation  
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We can easily integrate Eq. (67) and find 
   
   	
  	
  	
    
   
                                       (69) 
 
References 
 
1.  Gardiner C and  Zoller P 2000   Quantum Noise (Berlin: Springer) 
2. Breuer H P and Petruccione F 2002 the Theory of Open Quantum System. (Oxford: Oxford University 
Press) 
3. Lindblad G 1976 Commun Math. Phys. 48 119 
4. Gorini V and Kossakowski  Sudarshan A  1976  J. Math.Phys.17  821 
5. Schleich W P 2001 Quantum optics in Phase Space   (Berlin: Wiley/VCH)  
6. Gerry C and  Knight P  2005 Introductory Quantum Optics  (New York: Cambridge University Press) 
7. Fan H Y and Fan Y 1998 Phys. Lett. A  246  242  
8. Walls D F and  Milburn G j 1994 Quantum optics (New York: Springer)  
9. Cahill K and Glauber R  1969  Phys. Rev. 177 1857 
10. Xu Y, Yuan J, Song J and Liu Q 2010 Int. J.  Theor, Phys. 49 2180  
11. Fan  H Y and  Klauder  J  R  1994  Phys. Rev. A 49 704  
12. Umezawa  H , Matsumoto  H and Tachiki  M  1982 Thermo Field Dynamics and Condensed State 
(Amesterdam :  North Holland) 
13. Takahashi Y and Umezeawa H 1975 Collect. Phenom.  2 55  
14. Fan H Y and Lu H L 2007 Mod. Phys. Lett. B  21 183 
15. Bazrafkan M R and Ashrafi M 2013 J. Russia Laser.  34 1  
16. Ashrafi S M and Bazrafkan M R 2013 chin. Phys. Let.  30 11 
17. Fan H Y and   Hu L U 2009 Commun. Theor. Phys. 51 729 
18. Fan H Y and   Hu   L U 2008 Opt. Commun.  281  5571  
 
 
 
 
 
